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TECHNICAL DETAILS I N  THE STRUCTURAL DEVELOPMENT 
OF ROHRBACH SEAPLANES. * 
By Gatthold Mathias and Adolf Bolzapf e l .  
The recent  t r i a l  f l i g h t s  arid adcceptance t e s t s  of t h e  Rohrbach 
I1Romar, " t h e  l a r g e s t  zeaplane i n  t h e  world, have y ie lded  r e s u l t s  
f u l l y  confirming t h e  p r i n q i p l e s  followed i n  i t s  development. 
I t s  take-off weight of  19,000 kg (41,888 l b . ) ,  i t s  kea t ing  t h e  
world r en r rd  f c r  r a i s i n g  t h e  g r e a t e s t  u s e f u l - l c a d  t o  2000 m 
(6562 f t .  ) by almost 2500 kg (5511 lb. ) and i t s  remarkable show- 
ing  i n  the  seaworthiness t e s t s  a re  t h e  r e s u l t s  of i n t e l l i g e n t  
researches ,  t h e  guiding p r i n c i p l e s  of which a r e  k r i e f l y  s e t  
f o r t h  i n  the  p resen t  a r t i c l e .  
T h e  W i n g  
The development of a l a r g e  a i rp lane  n e c s s s i t  at e s  a gradual. 
i n c r e a s e  i n  t h e  wing loading. The requirements f o r  c e r t a i n  
good f l i g h t  performances ccnst i t u t e  t h e  determining f ac tc r .  
With a ccnstant  engine power these  requirements a r e  s a t i s f i e d  by 
t h e  mutual balancing cf the  t h r e e  p r i n c i p a l  va r i ab les :  wing 
load ing ,  s t r u c t u r a l  weight and aspect r a t io  (he re  considered as  
t h e  r a t i o  nf t h e  square of t h e  spaE t c  t h e  wing area) .  For cer- 1 
*"Technische Eesonderheiten i n  der Faulachen Entwinklung der  
Rohrbach-Flugboota, frcm Z e i t  s c h r i f t  f u r  Flugtechnik und Motor- 
1 
l u f t s s h i f f a h r t ,  July 15 ,  1929, P?. 334-33p. i 
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t a i n  s a f e t y  requirements any incr3ase i n  the  wing loading  in- 
c r e a s e s  t h e  weight of c e r t a i n  s t r u c t u r a l  p a r t s ,  but t h e  weight 
of t h e  whole s t r u c t u r e  i s  no t  r a i s e d  at f i r s t ,  due t o  t h e  r e l a -  
t i v e l y  smaller s i z e  of t h e  wing. On t h e  o ther  hand, any in- 
c rease  i n  t h e  aspect  r a t i o ,  f o r  t h e  same per imeter ,  i nc reases  
t h e  weight n f  t h e  wing s t ruq tu re .  The e f f e c t  of t h i s  measure 
on t h e  f l i g h t  performances, however, depends l a r g e l y  on i t s  
aerod-ynaniq qonsequen>Tes. For every wing loading t h e r e  can  be 
f m n d  t h e  bes t  aspect r a t i o ,  whoss aerqdynanic advantages c f f -  
s e t  t h e  inqrease  i n  t h e  weight of the  wing s t r u c t u r e ,  By de ter -  
mining the  two v a r i a b l e  rat ion,, wing loading  t o  s t r u c t u r a l  weight 
and s t r u c t u r a l  weight t o  aspect  r a t i c ,  f o r  c e r t a i n  good f l i g h t  
pe r f  orrnances one ~ b t  a inc  t h e  bes t  fundamentally inseparable  
combination o f  co r rec t  wing loading  and cor rec t  aspect  r a t i o .  
These are  not at a l l  synonymous with high wing l cad ing  and l a r g e  
aspect  r a t i c  i n  t h e  ordinary sense, With good climbing and d is -  
tance  perf  orinances t h e  va lues  of both are inverse ly  propor t ional  
t o  t h e  r a t i o  of the  weight of t h e  c e l l  t o  t h e  t o t a l  weight of 
t h e  a i rp lane  ( ~ i g .  1). Thus t h e  endeavor t o  c b t a i n  a l i g h t  wing 
with a favorable  aspect r a t i o  l e d  t o  t h e  choice of a s t rongly  
t ape red  c a n t i l e v e r  wing ( ~ i g ,  2 )  as f i r s t  used on t h e  "Robbe 11" 
and, a f t e r  being found s a t i s f a c t o r y ,  now als? on t h e  l1RomarN 
( ~ i g s .  3-4). 
This type of wing foregoes t h e  aerqdynmical ly  b e s t  l i f t  
d i s t r i b u t i c n  d c n g  t h e  span i n  favor of g rea te r  s t a t i c  &dvanta@s 
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The e f f e c t  of a s l ig l i t  dev ia t ion  from the  e l l i p t i c p . 1  l i f t  distri- 
but ion  on the  induced dr'ag i s  rel,o,tively uniapor- tmt  and, with 
inc rezs ing  cspect r a t i o ,  grows cont inual ly  l e s s  import ant. The 
lower l i m i t i n g  case of pa,rabolic d i s t r i b u t i o n  i s  nccornprnied by 
xn i i ~ c r e z s e  of t h e  induced drzg i n  t h e  r a t i o  of 9 : 8,  hence 
not  more t h m  a reduct ion of t h e  aspect ratio from 9 t o  8. The 
Rohrbzch wing contour i s  s t i l l  f a r  from t h i s  l i m i t i n g  value. 
The s t a t i c  a d v a n t ~ g e s ,  on t h e  con'crary, a re  of two kinds: 
1. The "under-e l l ip t  i c u  d i s t r i b u t i o n  reduces t h e  l o a d  on 
t h e  ou te r  p o r t i o n s  of t h e  wing, e spec iz l ly  at high l i f t  v d u e s ,  
so t h a t  these  por t ions  can have a l i g h t e r  s t r u c t u r e  than  with 
an e l l i p t  i c d  d i s t r i b u t i o n .  
2. Girder d i ~ e n s i o n s  inc rezs ing  proport iont t l ly  with the  
chord ~ " f f o r d  t h e  bes t  s t r e n g t h  u t i l i z a t i o n  of t h e  whole g i r d e r  
s t r u c t u r e .  A c = t i l e v e r  r ec tangu la r  o r  s l i g h t l y  tapered  wing, 
on t h e  con t ra ry ,  must be considerably l-ieavier i n  t h e  middle por- 
t i o n ,  due t o  t h e  smz11 th ickness  of t h e  g i r d e r  f o r  withstanding 
t h e  bending moments, a i d  at t h e  t i p s ,  due t o  the  poor u t i l i z a -  
t i o n  of t h e  bonds t o  be dimensioned with respect  t o  t h e i r  hold- 
ing s t rength .  
The p r i n c i p a l  adv'unt 2ge of a s t rongly  tapered c a n t i l e v e r  
wing is  theref  o r e ,  e spec ia l ly  on l a r g e  a i r p l a n e s ,  r considerable  
saving i n  t h e  s t r u c t u r a l  veight .  This szving i s  f u r t h e r  in- 
c reased  by t h e  drqwing i n  of t h e  air fo rce  ,and g r a v i t y  r e s u l t -  
a n t s  of the  wing-halves toward the  middle of the a i r p l a n e ,  which 
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i s  p a t i c u l ~ w l y  e f f e c t i v e  at l a r g e  l i f t  va lues  ( i n  l e v e l l i n g  o f f  
md i n  v e r t i c a l  g u s t s )  m d  with respegt  t o  t h e  s t r e s s e s  prothroed 
i n  t h e  g i r d e r s  by take-off and l m d i n g  =hocks,* The l a t t e r  con- 
s i d e r a t i ~ n  assumes sp~,qj .a l  importance i n  t h e  endeavor a f t e r  the  
g r e a t e s t  poss ib le  seaworthiness .  
T h e  H u l l  
Due t o  t h e  small sea ro r th iness  r equ i rexen t s  f o r  t h e  h u l l s  
of former seaplane types ,  fbat-bottomed h u l l s  with k e e l s  had 
c e r t  a i n  zdvm+uages. They were s t r u d t u r z l l y  simpler,  had vhen 
r i g h t l y  cons t ruc ted ,  good s t a t i n g  c h a r a c t e r i s t i s s  i n  q u i e t  aa- 
t e r  m d ,  r;ith t h e  exe rc i se  of a l i t t l e  s k i l l ,  could t ake  off 
2nd a l i g h t  s a f e l y  on moderately rough ivater. 
I n  a l i g h t i n g  on very rough water,  h ~ n e v e r ,  t h e  f l a t  bottom 
d o e s  not ~ ~ f f o r d  t h e  adequate s a f e t y  rrhich must now be nnoondi- 5 
t i o n a l l y  r equ i red  ads t h e  r e s u l t  of p r a c t i c a l  experience. Even 
with very g rea t  r e l i a b i l i t y  af t h e  power p l a n t ,  t h e  n e c e s s i t y  
of t h i s  requirement could not be perm2,nently ignored. A corre-  
spvnding reinforcement of t h e  bottom would soon increase  t h e  
s t r u c t u r a l  weight beyond ifleasure. A s  ~ ~ l r e r d y  mentioned, t h e  
c r e e t i o n  of a s ~ ~ t i s f n c t o r y  l z r g e  n i rp lcne  uculd not only in- 
c rease  the  wing loading  but a l s o  t h e  l m d i n g  speed. The r e s u l t -  
ing s t r e s s  increments v~ould soon get  beyond cont ro l  m d  br ing  
I 
t h e  f u r t h e r  develcpinent of seaworthy f l y i n g  bc2 . t~  t o  2. h d t .  I 
---- 
*See N.A. C. A. Technic..l Repcrt No. 150: "Genernl Bipli.ne Theory, " 
by Yax 1:. Munk (1922),  and L l  Aeronautique, 1928,  p.100 f f  . 
A necessary condi t ion f o r  t h e  development of a l a r g e  sea- 
';orthy f l y i n g  boat was t h e r e f o r e  t h e  c r e a t  i c n  of a shap-bottomed 
h u l l  (Figs ,  5-45),  I n  the  comprehensive towing t e s t s  of f lat-  
bottomed modela ( f o r  comparison) and of a considerable  number 
L 
of models with V-shaped bottoms, t h e  s t r e n g t h  and dynamic! l i f t  
cf  t h e  shaxp-bottomed h u l l s  were fsund t o  be f u l l y  equal t o  those  
~f h u l l s  with f l a t  o r  s l i g l l t l y  V-shaped bottoms (Wg. 6).  The 
p r a c t i c a l  r e s u l t  of t h i s  ocmbinaticn of t h e  a d v m t a e s  cf  f l a t  
and V-bottomed h u l l s  i s  s t r i k i n g l y  shcwn i n  the  e x c e l l e n t  take- 
o f f  c h a r a c t e r i s t i c s  of t h e  Rohrbach seaplanes,  e s p e c i a l l y  of t h e  
Even t h e  g r m n d  plan tval,s determined by the  requirement of 
t h e  g r e a t e s t  p e s s i b l e  seaverthiness .  Hence the  width of the  
h u l l  was he ld  at t h e  lower l i m i t  cf t h e  dimensione requixed f o r  
u t i l i t y  and convenience, This  prodt~ced a slender  ground p lan ,  
~ r h i c h  combines g rea t  s e a ~ c r t h i n e s s  and aerodynaqic excel lence 
and thus  g r e a t l y  increases  t h e  c o m e r c i a l  value md safe ty .  
L a t e r a l  F l s a t  :: 
The s lender  shape of t h e  h u l l  necessi ta , tes  t h e  use  of auxi l -  
i a r y  f l o a t s  f c r  preserving t h e  f l o a t i n g  s t a b i l i t y  with respect  
t o  t h e  long i tud ina l  axis.  On t h e  Rohrbach seaplanes these  
f l o a t s  a re  l o c a t e d  at a moderate dist,mce frcm t h e  h u l l  and a 
l i t t l e  higher th,m the  bottom o f  the  hu l l .  This arrangement 
p reven t s  the  f l n n t s  i n  t ak ing  o f f  md a l i g h t i n g  fram having t h e  
M. A.  C. A. Technical ~~ie~fiorandum Moo 541 
e f f e c t  of l a t e r a l ,  extensions of t h e  h u l l  and thus  i n t e r f e r i n g  
with t h e  grniJ_ua,l dar~iping of t h e  shocks. Their p o s i t i o n  a l s o  en- 
a b l e s  them t o  exe r t  a p o a e r f u l  dynamic l i f t  i n  t ak ing  o f f .  A s  
soon as t h e  h u l l  has  r i s e n  on i t s  s t e p ,  t h e  f l o a t s  l e a v e  t h e  
water ,  t h u s  diminishing t h e i r  drag. The deeper t h e  h u l l  & g  &sub; 
merged due t o  heavy loading,  t h e  g r e a t e r  t h e  s t a t i c  and T n a f i i '  
l i f t  afforded by t h e  f l o a t s  i n  tak ing  o f f .  They a r e  e s p e c i a l l y  
va luab le  i n  helping t h e  sezplane p a s t  i t s  c r i t i c a l .  speed ( ~ i g .  
7), This  expla ins  why t h e  narrow Rohrbach seaplanes,  even when 
very heavi ly  loaded, r i s e  on t h e i r  s t e p  remarkably quick,  so 
t h a t ,  d e s p i t e  a g r e a t e r  wing load iag ,  t h e i r  take-off tiizle f o r  
t h e  same weight pe r  horsepower i s  no longer  t h a r ~  t h a t  of sea- 
p lanes  with wider flat-bottomed h u l l s .  
In  a l i g h t i n g ,  t h e  h u l l  e n t e r s  t h e  water f i r s t , '  Due t o  i t s  
V-shaped bottom, t h e  shock i s  very s l i g h t .  Only when t h e  speed 
I 
i s  f u r t h e r  reduced, do t h e  s i m i l a r l y  shaped f l o a t s  gradual ly  
submerge, Severe loca3  s t r e s s e s  of t h e  wing, due t o  heavy 
shocks from t h e  f l o z t s ,  axe thus  avoided. 
I f  n f l o a t  o r  i t s  supports  a r e  d ~ ~ a a g e d ,  t i lere ;Ire two pro- ;9 
v i s i o n s  t o  l e s s e n  t h e  t i p p i n g  of t h e  seaplzne: 
a )  The f l o a t s ,  l i k e  t h e  h u l l  ( ~ i g .  8 ) ,  a re  divided i n t o  
? 
s e v e r a l  water- t ight  compartinei~ts, so t h a t ,  i n  the  event of a 
l e a k ,  only a p o r t i o n  of t h e  l i f t  i s  l o s t .  
b) I f  a f l o a t  should be e n t i r e l y  removed, t h e  wing t i p  
would d i p  i n t o  t h e  water. I n  a n t i c i p a t i o n  & such an event ,  t h e  
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wing sl2,as of t h e  f lRoaarf l  on t h e  outer  s i d e  of t h e  l a t e r a l  en- 
g i n e s  hzve t h e  form of w ~ t e r - t i g h t  box g i rde r s .  These have suf- 
f i c i e n t  buoyancy t o  prevent t h e  seaplane from capsizing. The 
seaworthiness t e s t s  of t h e  I1Romtlrf1 demonstrated t h e  u t i l i t y  of 
t h i s  device. 
One of t h e  most importpat condi t ions  f o r  good f l i g h t  per- 
formalces,  e s p e c i z l l y  taking o f f  a d  c l i r h i n g ,  i s  t h e  
l e s s %  poss ib le  dis turbance of t h e  air flow on t h e  upper s i d e  of 
t h e  wing. Any obs tac le  on o r  neLv i t  causes a premature separa- 
t i o n  of  tho b o u i i l d , ~ ~  l a y e r  from t h e  viing, thereby increas ing  t h e  
drag  and decreasing t h e  l i f t  genera l ly  over q u i t e  a l a r g e  por- 
t i o n  of t h e  wing. I t  i s  t h e r e f o r e  iniportant, e s p e c i a l l y  i n  t h e  
case of high-wing loading,  t o  keep t h e  engines at some d i s t ance  
from t h e  upper s i d e  of t h e  wing. On l a n d  a i r p l a n e s  with l a t e r a l  
engines,  t h i s  consideradtion l e a d s  t o  t h e  suspension of t h e  en- 
gine  s underneath t h e  wing, where t h e i r  d i s t u r b i n g  e f f e c t  i s  r e l -  
a t i v e l y  s i n a l l  ( ~ o h r b a c h  "Rolcmd" ), This arrangeilient i s  not prac- 
t i c a b l e ,  however, on l a r g e  seaplanes,  because it b r ings  t h e  pro- 
p e l l e r  too near t h e  water ( ~ i g .  9 ) .  Hence it i s  n e c e s s a y  t o  
l o c a t e  t h e  c l o s e l y  a s soc ia ted  engine-propeiler aggregat ion far 
enough zbove t h e  ning t o  reduce t h e  l i f t  disturb,mce as much 8s 
p o s s i b l e  ( ~ i g .  10). The d i s t m c e  v a r i e s  somewhat, according t o  
t h e  p o s i t i o n  of the  engines i n  t h e  ground p:xn a i d  t h e  s i z e  and 
shape of t h e  engine housings. The f'avor&CLe e f f e c t  of incrcas- 
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ing t h i s  distance has been demonstrated by both m ~ d e l  m d  f l i g h t  
t e s t s .  The supporting frarfiemork, when correct ly  cgnstructed,  
with streamlined cross sect ions ,  d i s tu rbs  t h e  air flow on the  
upper s ide of the  wing so l i t t l e  and over such a s m a l l  ' sea  as 
t o  have but l i t t l e  e f fec t  on the  induced dxag of the  wing. In 
,my case the  combined re tarding e f fec t  i s  f a r  l e s s  than the  re- 
* 
t u d i n g  e f fec t  of engine housings joined d i r ec t ly  t o  the  uTper 
s ide  of the  wing. 
The Rohrbach arrangement has the  fu r the r  adv,?yltcge of' en- 
abl ing the  use of pusher p rope l le r s  withcut cut* ing away the  
t r a i l i n g  edge of the  wing, which l a t t e r  has a very detriment& 
e f f e c t  on the  l i f t  m d  on t h e  l i f t -d rag  r a t i o .  The n a t m e  of 
the  inflow with which the  propel ler  i n ~ s t  work i n  such a cutaway 
considerably impairs the r e l i a b i l i t y  and length of l i f e  of both 
prope l le r  and engine. 
In opposition t o  the  above-ment ioned advzntsges, the  of ten  
r a i s e d  objection of the  i nacces s ib i l i t y  of the  engines during 
f l i g h t  should serve pr inc ipa l ly  as an incentive t o  t h e  creat ion 
of high-grade r e l i a b l e  engines. This object ion does not apply 
t o  the  spec ia l  fundamental p r inc ip le .  involved i n  the  Rohrbach 
arrangement, s ince the i n s t a l l a t i o n  of the  engines, i n  the  pres- 
ent s t  a tus  of  seaplane construct ion,  does not enc"ible ccmplete 
sttend'mce of the engines during f l i gh t .  Only t h i s  complete 
attendance c a n  be of decisive e f fec t  on the  r e l i a b i l i t y  of the  
power p l m t .  
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Tmying,  Tc-ke-Of f  m d  F l igh t  C h , a r ~ c t e r i s t i c s  
The zppl icnt ion  of the  p r i n c i p l e s  here  involved, as f i n ~ ~ l l y  
given expression i n  t h e  lfRomar,H has  been e n t i r e l y  successfu l  
i n  t h e  r e s u l t a n t  taxying, take-o2f a.nd f l i g h t  c h a r a c t e r i s t i c s ,  
The inaaeuverability on t h e  water i s  g r e a t l y  improved by the  V- 
shaped bottom o f  t h e  h u l l ,  which prevents  t h e  d r i f t i n g  of  t h e  
seaplane i n  a s i d e  wind. This f a s t ,  i n  conjunction with t h e  
s t rong ly  s t a b i l i z i n g  e f f e c t  of the  l a t e r a l  f l o a t s ,  enables  t h e  
seaplane t o  fol low any d e s i r e d  course even with a very s t rong 
s i d e  wind. With t h e  a i d  of t h e  l a t e r a l  engines,  t u r n s  czfl be 
made i n  a very small space. Even with one of the  l a t e r a l  en- 
g i n e s  stopped, it i s  genera l ly  not d i f f i c u l t  t o  hold t o  t h e  
course i n  taxying. I n  case of need, t h e  maneuverabili ty can be 
adequately supplemented by a water rudder. Taxying oil, t h e  water 
i s  poss ib le  f o r  any des i red  l eng th  of t ime, even i n  hot weather 
and with a f a i r  wind, s ince  t h e  cool ing of the  engines i s  as- 
sured by an a u x i l i a r y  sea-water r a d i a t o r .  
The chief  aavantages of the  V-bottcmed h u l l  a re  exh ib i t ed  
i n  t h e  take-off c h a r a c t e r i s t i c s .  The beginning o f  t h e  take-off 
p rocess  has  already been r e f e r r e d  t o  i n  t h e  s e c t i o n  on L a t e r a l  
F loa t s .  After  t h e  h u l l  has  r i s e n  on i t s  s t e p ,  t h e  speed is  
g r e a t l y  acce le ra ted  ao a  r e s u l t  of t h e  r a p i d l y  diminishing water 
r e s i s t a n c e  ( ~ i ~ .  7 ) ,  and t h e  seaplane f i n a l l y  t akes  o f f  e a s i l y  
and smoothly, The i n s t a n t  of t h e  take-off can be l a r g e l y  de ter -  
mined by t h e  p i l o t .  The necess i ty  of a long prel iminary run t o  
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acqui re  s u f f i c i e n t  wing l i f t  i s  obviate6 by t h e  design of t h e  
bottom of the  h u l l .  The shocks i n  t ak ing  o f f  and i n  ,alight- 
ing a r e  g r e ~ ~ t l y  reduced. No f a i l u r e  of s tens ion  member i n  t h e  
forward p a r t  of t h e  h u l l  ( a  comaon occurrence i n  flat-bottomed 
h u l l s )  has  yet  occurred i n  Rohrbach V-bott omed hul-1s. 
Large v e r t  i c d  con t ro l  su r faces  n i t h  a veil-balanced rudder 
( ~ i g .  3 )  assure  good direction2,l  s t a b i l i t y ,  even when one of t h e  
s i d e  engines i s  dead. Since t h e  e levated  2 o s i t i o n  of t h e  hor i -  
zon ta l  tcil s u r f s c e s  f r e e s  t h e  l a r g e r  p o r t i o n  of t h e  rudder from 
i n t e r f e r e n c e ,  even at l a r g e  angles  of ,?,ttaclr, it i s  not  only 
p o s s i b l e  t o  continue s t r c i g h t  f l i g h t ,  but even t o  t u r n  agains t  
t h e  engine vhich i s  s t i l l  running. 
n o l l i n g  s t a b i l i t y  i s  f u l l y  a%ta ined  by the  l a g e  d ihedra l  
of t h e  ving, d e s p i t e  the  elev2ted p o s i t i o n  of t h e  englnes. The 
a c t i o n  of t h e  a i l e r o n s  i s  e s p e c i a l l y  favored by t h e  p e c u l i a r  
l o c a t i o n  of the  center  of g r a v i t y  of each half-wing, due t o  t h e  
s t r o n g  t2pes. Even i n  s t a l l e d  f l i g h t ,  t h e  tapered  wings have 
proved at l e a s t  as favorable  as any o the r  shape. The l o ~ g i t u d i -  
na.1 o r  p i t ch ing  s t a b i l i t y  i s  excel len t .  The Salanced e leva to r  
w a s  made very l a r g e  f o r  t ak ing  off  from and a l i g h t i n g  on sough 
w a t  er .  
The opinion has o f t e n  been expressed t h a t  e l e v a t i n g  t h e  
engines  would unfavorably a f f e c t  t h e  t r i m  when t h e  speed i s  re- 
duced. This iaea, i s  wholly 7 ~ v ~ ~ n g .  \\'ith a c o r r e c t l y  dimensioned 
II 
h o r i z o n t a l  s t a b i l i z e r  any chmge i n  t h e  moment of t h e  p r o p e l l e r  
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t h r u s t  would be o f f s e t  by a corresponding change i n  t h e  staSil- 
i z e r  iaoment r e s u l t i n g  frcm t h e  change i n  t h e  dynamic. p ressu re  c f '  
t h e  p r o p e l l e r  sl ipstreara.  The degree of t h i s  balancing of mo- 
;rents i s  simply a gues t icn  of t h e  co r rec t  c a l c u l a t i o n  of t h e  
l c n g i t u d i n d  st a3ili ty. For t h e  smallest  poss ib le  v a r i a t i o n  i n  
1oa.d i n  the  whole speed range, t h e  e l eva ted  p c s i t i o n  of t h e  en- 
g i n e s  i s  'even more favorable  than i f  they  were l o c a t e d  a,% t h e  
cen te r  of g r a v i t y  of t h e  a i rp lane .  Extensive f l i g h t  t e s t s  have 
confirmed t h i s  l i n e  cf ~ e a s o n i n g ,  so t h a t  t h e  above-mentioned 
o b j e s t i o n  can be regarded as f u l l y  answered. 
F l i g h t  Perf  crmances 
The most iinportmt c h a r a c t e r i s t i q s  nf a seaplane designed 
f c r  long f l i g h t s  a re  grea t  seaworthiness,  t h e  bes t  take-off 
c h a r a c t e r i s t i c s ,  t h e  most favorable  l o a d  r a t i o  and high c r u i s i n g  
speed. 
A s  a l ready s t a t e d ,  t h e  Hchrbach seaplanes have been devel- 
oped with an eye t o  t h e  bes t  poss ib le  f u l f i l l m e n t  of t h e s e  four  
requirements,  Good s t a r t i n g  c h a r a c t e r i s t i c s  axe necessary i n  
o rde r  t o  enable t h e  car ry ing  of an adequate f u e l  supply without 
toc  g ~ e a t l y  reduzing the  u s e f u l  load. High speed and small f u e l  
consuinption a re  necessary i n  order  t o  diminish t h e  e f f e c t  of 
t h e  weather on t h e  d is tance  flown and t o  pass  quickly through 
sziall regions of unfavorable winds, 
The wing loading  and aspect  r a t i o  of t h e  Rohrkach seaplanes 
a r e  of dec i s ive  in1port;mce l o r  tile f u l f i l l m e n t  of these  require-  
ments. Their wing loading enables  good spezd i n  t h e  range of 
economical f l i g h t  with t h e  bes t  l i f t - d r z g  r a t i o  mcl with g rea t  
r e s e r v e  speed, The aspect r a t i o ,  i n  conjunction with t h e  shape 
of t h e  hull., a f f o r d s  good take-of f a b i l i t y  and high overloading 
capaci ty  i n  t ak ing  o f f  with a f u l l  f u e l  supply. The aerodynamic 
p e r f e c t i o n  of a l l  t h e  support ing p a r t s ,  t h e  s lender  h u l l ,  t h e  
V-shaped- f l o a t s ,  e leva ted  engines,  e t c . ,  a l s o  reduce t h e  s t ruc-  
t u r a l  drag t o  a miniriuix, so t h a t  t h e  l i f t - d r z g  r a t i o  and the  . 
power requi red  t o  maintain h o r i z o ~ t a l  f l i g h t  a t t a i n  rcma,rkably 
favorable  v,dues and enable long nonstop f l i g h t s ,  Moreover, 
t h e  p r o p e l l e r s  are c a r e f u l l y  adapted t o  t h e  p a r t i c u l a r  seaplane 
of which they a r e  t o  be resarded as e s s e n t i c d  and i n t e g r a l  pa ts .  
Hence they enable t h e  maxiilrum ezf ic iency both i n  t ak ing  o f f  and 
at subsequently reduced speed, 
The a 'bi l i ty  t o  overload f o r  t h e  take-off enables  t h e  G a r y -  
i n g  of a r e l a t i v e l y  heavy u s e f u l  load  and s u f f i c i e n t  f u e l  f o r  
long i~ons top  f l i g h t s ,  The Rohrbach lfiiomarl' has already shovm 
t h a t  t h e  r i g h t  course i s  being pursued and w i l l  l e a d  t o  f u r t h e r  
favorable  r e s u l t s .  
Trans la t ion  by Dwight 14. j i iner,  
National Advisory .Comiiit;tse 
f o r  Aeronautics. 
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Fig.1 Effect  of wiizg loading on wing a rea  with d i f f e r e n t  
space requirements f o r  the  same f ly ing  weight. 
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Fig.2 Developmant o f  Rohrbach wing contour t o  a 
tapered shape, Nos.2-4 being semicantilever.  
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Fig.6 Developmznt of Rohrbach h u l l s  from t h e  f l a t  bottom 
of theIiRo 111" t o  t h e  sharp V-bottom of t h e " R ~ m a r ~ ~ .  
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Fig.7 Resistants of wat3r t o  tile modsl, w i t h  and without 
l a t e r a l  f loa,ts ,  p l o t t e d  aga.inst thi: ve loc i ty .  
